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Neoplasiainfishcanresultfromcontaminationofwaterswithcarcinogensandpromotes Cancerinfish,therefore,
isapossibleindicatorofcancerrisktomanandservesasaguidetotheneedforpreventativeapproachesinvolvingim-
provedmeansofwastedisposalandenvironmental hygiene. Moreover, cancerinfishindicatesthatthisimportantfood
sourcemay becontaminated. Detectionofgenotoxiccarcinogens towhichfishareexposedcanbeachievedquicklyand
efficiently bycarefullyselectedbatteriesofcomplementaryin uit, andin vowibioassays. Onesuchbatteryconsistsofthe
Amestest, areversemutationassayinprokaryoticSabnonelatyphimurium, andtheWViliamstest,involvingDNArepair
infreshly explantedmetabolically highly competentlivercellsfrom diversespecies, including humans. Determination
ofDNA-carcinogenadductsbyvariedtechniques,including32p_posIabein&g aswellasDNAbreakage,mammaliancell
mutagenicity, chromosomeaberrtions,sisterchromatideahn orcelltrazLomation representadditonalapproaches,
eachwithitsownadvantagesanddisadvantages. Moreresearchisneededonsystems toapprehendneoplasmpromoters,
buttests todetemine interruptionofintercellular communicationsthrough ppjunctionsappearpromisng. Otherap-
proachesrelyonmasurementofenzymessuchasornithinedecarbylaseandprotenkinaseCApproachestothedefini-
tionofrisktofishorhumansrequirecharacterization ofthegenotooic ornongenotoxic propertiesofachemical, relative
potency dataobtained inselect, limitedrodentbioassays, andknowledgeofprevaiingenvironmentalconcentrationsof
specific carcinogens.
Introduction
Specific types of cancer are the major premature killing
diseases in many partsofthe world(1-5). IntheWesternWorld,
the high incidence ofcancerofthe lung, pancreas, kidney, and
bladder canbemainlyattributed tocigarettesmoking. Cancerof
theoral cavityandesophagus areassociated withtobaccochew-
ing intheWesternWorldandinIndiawherethetraditionalchew-
ing of a mixture oftobacco and betel nuthas led to oral cavity
cancer as the major neoplastic disease. In China and Japan,
however, the customary intake ofsalted andpickled food, par-
ticulary fish, leads to risk for cancer of the esophagus and
stomach, andinpart, oftheliver. In many partsofAfrica, liver
cancer is a major problem, with food mycotoxins and the
hepatitis Bantigen ascausative agents. IntheWesternWrld, the
customary intake of appreciable amounts of fat has been
associated with cancers of the breast, colon, ovary, en-
dometrium, and pancreas. Thus, in many parts of the world,
changes in lifestyle to avoid defined cancer risks have been
recommended.
Historically, however, cancer in man was firstdocumented to
be due to an environmental cause through the study of cancer
related to specific occupations, such as the scrotal cancers
observed by Pott orthe bladder cancers recorded by Rehn (3).
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Withincreasingindustrialization, especially withthegrowthof
thechemicalindustry, questions aroseas towhetherthelimited
occupationalcancersseenbyRehnoccurredatanincreasing rate
due tocontamination. Indeed, careless handlingofchemicals,
with consequent contamination ofwaterwith toxic agents, has
ledtoseriousadverseeffectsinsizablenumbersofpeople, such
asinthecaseofMinamata,Japan(6), ormorerecently, theac-
cidental mixingofpolybrominatedbiphenylswithanimal food
inMichiganthatledtotheextensiveoccurrenceofthistoxicant
inmilkandinfoodreachinghumans(7). Incidentsofdeliberate
additionoftoxicagentstocomestibleoilsinSpainandTurkeyare
otherexamplesofundesirableandindeedcriminalcontamina-
tionofthehumanenvironmentwithtoxicagents(8). IntheU.S.,
thequestionofhumanneoplasiastemmingfromwaterhasbeen
considered (9-12).
Anytoxiceffectistheoutcomeoftheoccurrenceinthehuman
environmentofagents atdosagesandchronicityofexposuresuf-
ficienttoleadtothesyndromesobserved. Concentrationsmost
likelyarehighestdirectlyatthesiteofproductionoruse, asfor
example, in the case ofpolybrominated biphenyls (PBBs) and
congeners (13). Also, acritical review ofthe literature dealing
with the occurrence of angiosarcoma of the liver in factory
workers exposed to vinyl chloride has demonstrated that only
reactorcleanersexposedchronically toseveralhundredpartsper
millionormorehadahigh riskofcancer(14). Workers notex-
posed to such high concentrations so far have not displayed
adverseeffects.WEISBURGERAND WILLIAMS
Inthecontextofchemicalproduction, aproblemoftenunfor-
tunately neglected is thedisposal of raw orpartially processed
waste. One improper means ofdisposal has been to usebodies
ofwater, rivers, lakes, or oceanestuaries. A numberofstudies
inthelast25 yearshavereportedthatfishfromrivers orharbors
contaminated by industrial effluents displayed evidence of
cancer, whereas similar fish caught in clean control rivers did
not, as reported in detail at this and preceding conferences
(15-19). Therefore, fish areindicatorsofpotentialproblems for
humans (20). At this time, in view ofourextensive knowledge
intoxicologyand cancercausation, industriesandmunicipalities
mustavoid the needless contamination ofwaterwith any waste
product. Indeed, rational managementinindustry, supportedby
wise governmentactions, will finditnotonlysaferbutalso pro-
fitable to make the investment in recycling waste products and
producing valuable new materials. Alternatively, high
temperature incineration yielding carbon dioxide, water, and
acids such as nitric, sulfuric, and hydrochloric that can be ab-
sorbedbybasesyieldingmarketablesaltsis a propertechnique
to be used anywhere in the world. Special facilities, including
mobile ship-borne facilitieshavebeenengineeredtoaccomplish
suchdisposal safely. Governments andpolitical bodies need to
encourage such effective means ofwastedisposal. The world's
growing population, generating increasing volumes ofwastes,
demands urgent effective disposal methods such as high
temperature incineration, thatin part return costinthe formof
energy. Thequestionoftenbandiedaboutrelative tothe genera-
tion of dangerous dioxins (fortunately not by informed in-
dividuals) is notbased ondocumentedemissions andharmsthe
effectiveimplementationofreliabledestruction ofhuman waste
materials. Burialcertainlyis notsound, ashasbeenshown bythe
broad contamination ofbodies ofwater.
Monitoring systems need tobeestablished todetectand quan-
titate carcinogens in the effluent from factories and private or
public waste treatment plants. Since the limits ofsensitivity of
biologicaldetection imposerestrictions ontheability toprevent
contaminationoftheenvironment, itwillbeimportanttomonitor
at points where the most concentrated contaminants arise or
design meansofconcentratingpotentiallyharmfulproducts. For
example, Hayatsu (21) has developed specific absorbent pro-
cedures for certain mutagens and carcinogens.
Mechanisms of Carcinogenesis
and Rational Selection of
Bioassay Systems
Inthelastfewdecades, ithasbeenestablishedthatneoplastic
diseases arisethrough acomplexseriesofsteps, beginningwith
thetransformationofnormal cellstoabnormal cellsatthegenetic
level through specific alterations ofDNA (22). Cancer results
from a somatic mutation. Rapid in vitro and in vivo bioassays
have been developed to detect chemicals or radiation that can
alter DNA and thus act as genotoxic carcinogens (23). Most
human cancers due to occupational exposure (a small and
declining proportion) and those due to lifestyle (the great
majority) arecausedbygenotoxiccarcinogens(24,25). Inmany
instances, however, nongenotoxic epigenetic enhancing or
promoting factors play an important role in eliciting invasive,
metastatic neoplasms. The overall complex processes are
outlinedinFigure 1, andtheensuinglogicalclassificationofcar-
cinogensispresentedinlTble 1,butthereaderisreferredto more
specializedreviewsfordetails(22). Becausemosthuman cancers
are caused by genotoxic carcinogens, knowing whether car-
cinogens arepresentintheenvironmentmakesthereliabledetec-
tionandquantitationofgenotoxiccarcinogens anessential com-
ponentofcancerprevention.
Basically, two distinct test systems are available to estimate
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Tlble 1. Clasification ofcarcinogenic chemicals.
Category andclass Example
DNA-reactive, (genotoxic) carcinogens
Activation independent Alkylating agent
Activation dependent Pblycyclicaromatichydrocarbon,
nitrosamine, arylamine
Inorganic' Specificmetals
Epigentic carcinogens
Promoter Organochloridepesticide,
phenobarbital
Hormone modifying Estrogen
Cytotoxic Nitrilotriacetic acid, bileacids
Peroxisome proliferators Clofibrate, phthalateesters
Immunosuppressor Purineanalog
Solid state Plastics, asbestos
Unclassified
Miscellaneous Dioxane, methapyrilene
*Somearetentativelycategorizedasgenotoxicbecauseofevidencefordamage
ofDNA; othersmayoperatethoughepigeneticmechanismssuchasalterations
in fidelity ofDNA polymerases.
Tible2. Decision-pointapproach tocarcinogentesting,
Stage A. Evaluationofstructure-activity relationships
Stage B. Short-term cellulartests
Mammaliancell DNA repair
Bacterial and mamaliancell mutagenesis
Chromosome alterations
Decision point 1: Evaluationofall tests conducted in stages A and B.
StageC. Tests forpromoters
In vtro
In uvo
Decisionpoint 2: Evaluation ofresults from stages Athrough C.
Stage D. Limited in wvi bioassays
Altered foci induction in rodent liver
Skin neoplasminduction inmice
Pulmonary neoplasm induction inmice
Breast cancerinduction in female rats
Decisionpoint3: EvaluationofallresultsfromstgesAthrough Dandapplication
tohealthriskanalysis. Thisevaluation may includedatafrom stagesAthrough
C toprovidethebasis formechanistic considerations.
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Tible3. Numberofchemicals ineachclasspositiveornegative inthehepatocycte primary culture/DNA repair test.'
Carcinogen Noncarcinogen Unknown
Chemical class + - + - +
Alkylating agents 5
Pblycyclic aromatic hydrocarbons 6 5
Monocyclic aromatic amines 3 b
Pblycyclic aromatic amines and amides 8 IC 3 2
Aminoazo dyes 5
Nitro-substituted compounds 3 2 2 3
Aza aromatics 2 2 2 1
Nitrosamines 7 id 3
Mycotoxins 7 1 1 4
Pyrrolizidine alkaloids 4 1 4
Intercalating agents 5
Total 50 6 2 16 7 13
'This assay has fewer false negatives orpositives thanotherinvitro or invivo-invitrobioassays.
bAniline, weakly carcinogenic at highdose levels because ofslowpoisoningofthehematopoietic system.
C4-Acetylaminofluorene is unreliably positive inthis and also in the Ames test. Carcinogenicity tests negative, but true carcinogenic risk unknown.
dDiphenylnitrosanmne, consideredaclassicnoncarcinogen, athighdoselevelsinducedasmallyieldofurinarybladdercancerinrats,throughunknownmechanisms.
genotoxicpotential: thoseusingprokaryoticorganismsandthose
using eukaryotic cell systems. An initial review of chemical
structure(probableactivity, orlackthereof)providesimportant
background information and guidance to the selection of
bioassay systems(22,23). Asystematicdecisionpointapproach,
providing qualitative and semiquantitative tests of increasing
complexity, hasbeen developed (Table 2).
Prokaryotic TestSystems
Themostwidelypracticedtestinprokaryoticorganisms isthe
reverse mutation in several strains ofSalmonella typhimurium
developedby Ames. Previously, Rosenkranzhaddemonstrated
the use of repair-deficient E. coli (23). A large number of
chemicals hasbeentested, especiallyintheAmestest(23). The
readilyperformedstandardtests, suchastheAmestest, require
anexogenous livercell S-9 fraction toprovideformetabolism,
since mostenvironmental carcinogens areprocarcinogens and
promutagens thatmustbemetabolized tothereactivegenotox-
icproduct(26). However, themetabolicsystemofthisliverfrac-
tionisinherentlydeficientindetoxificationenzymes, whichare
available in vivo. Therefore, theAmestestpresentsanumberof
falsepositives. Itisalsonotuniformly sensitivetoallgenotoxic
agents, again, mostlikelybecauseoftheinadequacy ofthe S-9
fractionused. Evenso, theAmestestisaneconomic, rapid, and
valuable componentofscreening batteries. Ithasbeen used to
study theoccurrenceofAmes-positivemutagens inwaterorin
concentrates ofwater (27-29). Thus, a positive finding in the
Ames testisessentially awarningthatapotential, althoughcer-
tainly notanactual, cancerriskispresent. Becauseoftheoccur-
renceoffalsepositives, suchastheplantcomponentquercetin,
whichispositiveintheAmestestbutnegativeinothertestsand
negative inallcarcinogenbioassays(30), theAmestestisnotby
itselfapredictorofcancerriskbutactsasawarning, callingfor
furtherexploration.
Eukaryotic Test Systems
Amongthesystemsusingeukaryotic cells, areliableindicator
forgenotoxiccarcinogens restsonthefactthatsuchcarcinogens
damageDNA, leadingtoDNArepair. Williams(31)hasusedthe
broadmetaboliccompetenceoffreshlyexplantedlivercellsfrom
rodentandhumanliversandthesimultaneouspresenceinthecell
ofindicatorDNAtodevelop ahepatocyte DNA repairtest, us-
ingacell systemthatmetabolically resemblesthein vivo situa-
tion(26,32,33). Thus, thistestaccuratelymimicksthemetabolic
conditions todetectpotentialhumanriskfactors(Table3). Abat-
tery composed of the readily performed Ames test and the
Williamstestisasuitablesetofcomplementaryteststodetermine
whetherornotagivenchemicalorextractisgenotoxicandthus
mayconstituteapossiblehumancancerrisk. TheWilliamstest
has also been adapted to an in vivo-in vitro situation where
animalsaregivenachemicalfollowedbyexcisionoftheliverand
thedetermination ofDNA repair in such livers (23,34).
Sometestssuch asthedeterminationofsister-chromatid ex-
change(SCE)presenttheadvantagethatthey canbeappliedto
thestudy ofpre-exposedhumans. Cell transformation tests, or
otherssuch asthelymphomatest, sufferfromdifficulties inex-
ecution and scoring (cell transformation) or lack of accurate
responses withgenotoxicagents, demonstratingtoomany false
positivesornegatives (lymphomatest). Any testsystemshould
beevaluatedwithknowncarcinogensofvariouschemical types
and related noncarcinogens. Problems with thosebioassay ap-
proaches and the underlying mechanisms have been critically
reviewed (35).
Promoters andEnhancers
Manytypesofhuman cancerincludingcancerofthelungfrom
cigarettesmokingandcancerofthebreastorcoloninindividuals
consuminghigh-fatdietsinvolvesnotonlytheactionofgenotoxic
carcinogensbutalsoofnongenotoxic,epigenetic,enhancing, and
promotingelementsthatplaycrucial rolesinthedevelopmentof
importanthumancancers. Forexample, tobaccosmokecontains
anacidicfractioncomposedofphenolicsubstancesthatare not
carcinogenicbuthaveenhancingproperties. Thesehavesignifi-
cant functions since tobacco smoke contains relatively small
amountsofgenotoxiccarcinogens(36,37). Likewise, inthenutri-
tionallylinkedcancers, dietaryfattranslates tometaboliceffects
such as controlofbileacidlevels thatpromotecolon cancer or
effects ontheendocrine systemthatenhancethe risk forbreast
cancer. Herealso, theputativegenotoxiccarcinogensarepresent
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insmallamounts,sothatpromongelementsarecritical(38,39).
The mechanism of promotion is only partially understood.
Nonetheless, tionishighlydosedependentandreversible.
This isthe rationale forthelowerlungcancerriskuponcessa-
tionofsmoking; itisthebasis forencouragingWesternpeople
tolowertheirtotalfatintaketolowertheirriskforthenutritional-
ly linked diseases.
Theoccurrenceofcancerinfishunquestionablyinvolvesthe
presenceofgenotoxiccarcinogens. Forexample, theneoplasms
in gills may relate to contamination ofwaterand sedimentsby
polycyclicaromatichyroarbonsandsimilarproducts. Aflatox-
in B, has been the main carcinogen incriminated in causing
hepatocellular carcinoma in species such as trout. It is notyet
knownwhetherpromotionoperates inanytypeoffishorsome
types of fish, or not at all. Contamination of harbors and
estuaries withcomplexpetroleumwastes fromshipsandother
sources maynotonlybethe sourceofpolycyclicsbutalsopro-
motingsubstances. Theeffectinfish,however, isnotclear. For
example, phenobarbital isagoodpromoterinthedevelopment
of primary liver cancer in rats, but not in hamsters treated
previously with agenotoxic carcinogen such as nitrosodiethy-
lamine or 2-acetylaminofluorene. Future research, therefore,
willneedtodelineatetheroleofpromotionincarcinogenesis in
fish. Promotionisoftentarget-organ specific, afactthatneeds
to be considered in designing appropriate approaches. Such
studies are important because a number of the water and
especially bottom contaminants such as polychlorinated
biphenyls(PCBs), chloroform,otherhalolkanes, trichloroethy-
lene, orphenolsmostlikelyoperatebyapromotingmechanism.
Enhancementofcarcinogenesismaystemfromacytotoxicac-
tion ofa given chemical, leading to regeneration. This means
thereisincreasedDNAsynthesisandmitosis, conditionsfavor-
ingcancerproductioninthepresenceofagenotoxiccarcinogen.
Thistypeofenhancementshouldnotbedefinedaspromotionbut
rather co-carcinogenesis due to cytotoxicity. Obviously, dose
levels thatare notcytotoxic arealso notcocarcinogenic.
Promoters can exerttheiraction andtherefore canbetested
tiroughanumberofspecificmechanisms, suchasdtoseinvolv-
ingmembraneeffectsortiroughtheinterruptionofcell-to-cell
communicationviagapjunctions(lable4). Thereaderisrefer-
redtomorespecializedliterature fordetailedmehds(26,40,41).
RodentBioasays
Thetraditionalchrnicbioassay inrodentsisanimportnttool
toexaminewhetherornotagivenchemicalrepresentsacancer
risk for man (42,43). However, results need to be interpreted
cautiously. A chronic bioassay, indeed, displays positive
responses, atleast in mice andespecially in mouseliver, with
chemicals such aschloroformortrichloroethylenethatarenot
genotoxicformouseliver. Rather, theoccurrenceofhepatomas
able4.SelctproprtieIt t
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inthetreatedanimalsrepresentsthepromotionphenomenonon
anorganthatalreadyhasthecellulargeneticstructuretypicalof
atransformedcelldocumentedbygeneticanalyses(44,45). Thus,
evenchronicbioassaysinrodentsneedtobeanalyzedcarefully
as to underlying mechanisms. This in turn requires in vitro
bioassaysthroughtheAmesandWilliamstesttoassigngenotox-
icityorabsencethereof. Morefundamental, precisestudieson
DNAbinding, DNAlability, andchromosomal changes aid in
defining thegenotoxicpropertiesofagivenchemical (46-50).
Thus, the in vitro tests and biochemical studies necessarily
precede a chronic rodent bioassay so as to be in a position to
design thebioassay in thelightofthe findings made (Si). The
chronicbioassaywouldservetoprovidesemiquantitativeinfor-
mationonthepotencyofagivenagent,onceithasbeenestablish-
ed to be genotoxic. This is important, for in the absence of
genotoxicity, quantitativeriskassessmentneedstotallydifferent
parameters, including the question ofdose-response relation-
ships, theprobableexistenceofathresholdwithnongenotoxic
agents, andaboveall, thereversibilityofeffectsofsuchagents
(22,51,52).
Inrelationtothequestionofneoplasmsfoundinfishgrowing
andlivinginwaste-contaminatedwaters, discussedatthiscon-
ference,bioassaysinspecifictypesoffishareofgreatrelevance.
Severalpreviousrecentreports(15-19,53-55)havedealtwiththe
problem, aswellaswiththenecessaryspecies-relatedandcon-
trolled biochemical activation of procarcinogens to reactive
genotoxinsthroughmetabolism,demonstatingthattypesoffish
studieddifferfromrodentsandhumansinthisrespect. Anders
andassociates(56)haveprovidedinterestingnewconceptsasto
gene rearrangements and amplification in neoplasia tirough
theirdetailed study ofhybrids ofXiphophorus, atropical fish
originally found inCentralAmericathatdevelops melanomas
andotherneoplasms.
Conclusions
Insummar, intheoverallcontextofcancerprevention, itis
important to adjust lifestyle to avoid conditions with
demonstratedadverseeffectssuchasthatoftobaccoorexcessive
fatintake, obesity, ortherelativedeficiencyofcerealfiberand
vegetable consumption. Also, methods have been developed,
basedonsoundknowledgeofthemechanismsofcarcnogenesis,
that rapidly and accurately give qualitative information as to
whether or not a given environmental chemical or mixture is
genotoxic or has promoting potential. This permits improved
control measurestobeinstitutedandalsoeffectivedesigns for
chronicaninulstudiesthatwillprovidethebasisforriskassess-
mentandriskcontrol.
Inthecontextofthisconference, itisalsoimportanttorealize
thatamongthesourcesofproteinavailabletoman, freshorsalt
waterfishrepresentoneofthebestnutritionalresourcesavailable
tohumans(Ikble5)(57-a.Anotherreason,doumentedinthe
last 15years,is atthetypeoffatpresentinseafooditself, name-
ly, omega-3 fatty acids, is highly beneficial in maintaining
desirable plasma cholesterol levels and thus avoiding heart
diaserisk, highbloodpressureandstroke,andcontrollingthe
clottingprocessandavoidingemboli. Itbehoovesallconcerned
to avoid contamination of rivers, lakes, and oceans with
chemicals that would adversely affect such a valuable food
resourceandmakeitpotentially hazardoustohumans. Health
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Thble S. Benefb of ish 'm healthpromotion.
High protein food
Desirable micronutrients
Controls serumcholesterol
Controls blood pressure
Lowers riskofemboli
Lowers riskofnutrition-linked neoplasms
colon, breast, possibly pancreas, ovary,
endometrium, prostate
promotionnotonly requiresaccurateknowledgeofenvironmen-
talcarcinogens, cocarcinogens, andpromotersaffectingfishand
man, butalsoappropriaterecyclinganddisposalofhumanand
animalwastes, notbyburialandwaterdisposal, butbyeffective
high temperature combustion and simultaneous use of heat
generatedforelectricityproduction, andrecoveringofvaluable
metal andglass. Medicalandengineering researchhasprovid-
edsoundfactsandmethods. Itisessentialandurgentthatcurrent
knowledgebetranslatedtoacleaner, morewholesomeenviron-
mentto ensure man's survival.
This investigation was suppoted by US PHS grants CA-17613, CA-24217,
CA-42381, and CA-45720. We are grateful to C. Horn for excellent editorial
assistance.
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